Introduction: Humeral nonunion is a condition resulting from lack of healing at the fracture site often associated with alteration of the local biological potential. Case Presentation: A 38-year-old male patient, who had a fracture in the left humerus caused by a fall 8 months earlier was presented. He was treated non-operatively with Sarmiento brace.
Introduction
Humeral nonunion is a condition resulting from lack of healing at the fracture site often associated with alteration of the local biological potential. Treatment is a challenge due to preoperative conditions and difficulties inherent to the surgery.
Ring et al. (1) demonstrated that the most important factor to achieve bone healing in nonunion is use of a careful, biologically and mechanically adequate technique.
Using a surgical technique that respects the basic principles of less soft tissue dissection, preservation of blood supply and immediate rehabilitation of the operated limb is respected. The present study introduced an original surgical technique for treatment of humeral shaft nonunion and the results in a patient with atrophic humeral shaft nonunion.
Case Presentation

Operative Technique
A 38-year-old male patient, right-handed, with athrophic nonunion (Figure 1 ) who had a fracture in the left humerus caused by a fall 8 months earlier was referred. He was treated non-operatively with Sarmiento brace. At this visit, he was operated in supine position following previously described technique (2) (3) (4) , with the bone graft removed from the contralateral iliac crest in case of atrophic nonunion. In distal humerus region, a four-cm anterior longitudinal incision was made on the lateral border of the biceps. Between the biceps and the brachioradialis muscles, the brachial muscle could be accessed more deeply. A blunt longitudinal midline opening was made in the fibers of the brachial muscle.
The brachialis muscle is innervated at the lateral surface by the radial nerve and medially by the musculocutaneous nerve. This anatomical detail allows its longitudinal opening without any harm to nerves or loss of function; then, access to the anterior surface of the humerus is easily achieved. Through this opening, the screws would be fixed distally.
Distally, the muscles including the lateral part of brachialis and brachioradialis protect the radial nerve, which is neither seen nor dissected in this approach. Proximally, a four-cm incision is made between the medial border of deltoid and lateral border of biceps.
The interval between these two muscles is the location to slide in and fix the plate. A 4.5-mm narrow dynamic compression plate (DCP) must be slid on the anterior surface of the humerus, submuscular to the brachial muscle. The direction in which the plate is slid differs according to each case. Distally, one must be careful not to violate the coronoid fossa. humerus, the screws (two in each fragment) are inserted from anterior to posterior on the ends of the plate.
An one-cm auxiliary incision is made over the nonunion site on the anterior surface of the humerus with direct dissection to the site (Figure 2 ). An arthroscopic canula is inserted in this incision and kept in contact with the nonunion site. A Kirchner wire is passed through the canula and located in the nonunion site. A scope image was made to confirm the correct position of the canula. Canula must be left in that position until the end of the procedure. After the removal of the Kirchner wire, a shaver blur is introduced and with it, fibrous tissue is removed (Figure 3) . A cancellous iliac autologous graft is inserted through the canula into the nonunion site (Figure 4 ).
Rehabilitation
Immediately postoperatively, patient was directed to use the limb in his usual activities and use a sling only for pain control in the first five days if necessary, mainly at night when sleeping. Use of immobilization was not advised after this period.
He was recommended to move the elbow and shoulder, avoiding stiffness. After bone healing, a rehabilitation program was performed. The first aim was to gain full mobility, then proprioception and finally muscular strengthening. The total rehabilitation period depends on the progression of patient. The final goal was to restore full range of motion and strength without pain. Bone healing was obtained after three months postoperatively ( Figure 5 ). There were no nerve injuries or infection.
Discussion
This case shows that functional results after humeral shaft nonunion can be obtained with a minimally invasive approach. This technique has certain advantages that make it appealing to the trauma surgeon.
Plates can be safely used anteriorly along the humerus with this technique. Good results have been achieved with submuscular plating with no major soft tissue problems and with functional results similar to other methods in the literature. Previous studies demonstrated faster recovery with minimally invasive techniques compared with invasive open technique (5) (6) (7) (8) .
The healing of the humeral shaft fracture in this case presents good results with the advantage of using a minimally invasive technique. This fixation aims at maintaining bone alignment through indirect reduction without an open approach to the fracture site. This preserves local blood supply and results in less surgical damage to soft tissues, replacing absolute stability by relative stability to achieve bone healing by stimulating bone formation.
There are several studies in the literature showing the advantages of using a bridge-plate in fractures of different parts of the body, such as femur and tibia, but there are few reports of use of this technique for humerus (4, 6) .
Moreover, there is lack of reports in the literature on use of this technique for nonunions (2, 3) . Being a minimally invasive technique, complications are reduced (5, 7, 8) . There were no nerve injuries. The bridge-plate technique for treatment of humeral shaft nonunion is indicated for both atrophic and hypertrophic nonunions.
The objective of the present case report was not to compare techniques or healing times between atrophic or hypertrophic nonunions, but to demonstrate the possiblity to use a minimally invasive technique for nonunion and present the results as an alternative to the traditional technique.
It was shown here that there is a biological capacity for humeral shaft healing achieved through the bridge-plate technique, with use of bone grafting. It is not necessary to have absolute stability or focal compression, contradicting previous works (7) .
Without the need for broad dissection, the local blood supply is preserved. By combining biological stimulus promoted by bone graft and sufficient mechanical stability granted by the plate, all elements necessary for healing of nonunion are present (7) . The present technique makes a difficult procedure much easier by avoiding wide dissection, radial nerve isolation and periosteum stripping.
The results obtained confirm the conclusions of Ring et al. (1) , who stated that it is important to use a careful, biologically and mechanically adequate technique to achieve bone healing. With the plate slid over the anterior surface of the humerus and respecting the approaches previously described, the radial nerve is totally protected (2) (3) (4) 6) and there is no inherent danger to any vascular structure.
It is important, in future studies, to identify the limitations of the technique and define whether it is applicable for more severe cases, as well as possible alternatives to the use of autologous bone graft.
In conclusion, this case report demonstrated that this new anterior minimally invasive bridge-plate technique for treatment of humeral shaft nonunion presents satisfactory results regarding bone healing and functional capacity.
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